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“ T H E  P R O C E S S  O F  P R E D I C T I N G  T H E  S TAT E  O F  
E C O S Y S T E M S ,  E C O S Y S T E M  S E R V I C E S ,  A N D  
N AT U R A L  C A P I TA L ,  W I T H  F U L LY  S P E C I F I E D  
U N C E R TA I N T I E S ,  A N D  I S  C O N T I N G E N T  O N  
E X P L I C I T  S C E N A R I O S  F O R  C L I M AT E ,  L A N D  
U S E ,  H U M A N  P O P U L AT I O N ,  T E C H N O L O G I E S ,  
A N D  E C O N O M I C  A C T I V I T Y ”

Science 2001



Sjodin, Stokes, et al. in review



P R O J E C T I O N

“ P R O B A B I L I S T I C  S TAT E M E N T  
T H AT  I T  I S  P O S S I B L E  T H AT  
S O M E T H I N G  W I L L  H A P P E N  I N  
T H E  F U T U R E ”  G I V E N  B O U N D A RY  
C O N D I T I O N  S C E N A R I O S

MacCracken 2001

P R E D I C T I O N

“ P R O B A B I L I S T I C  S TAT E M E N T  
T H AT  S O M E T H I N G  W I L L  H A P P E N  
I N  T H E  F U T U R E  B A S E D  O N  W H AT  
I S  K N O W N  T O D AY ”



W H Y  
F O R E C A S T ?



D E C I S I O N S  A R E  A B O U T  
T H E  F U T U R E

Science 2008
Environmental



NASA Carbon Monitoring Stakeholder Survey 
data courtesy Edil Sepulveda Carlo

Fo
re

st
ry

Fo
re

ca
st

in
g

A
ir 

Q
ua

lit
y

G
H

G
 In

ve
nt

or
y

Ca
rb

on
 M

ar
ke

ts
RE

D
D

+
Cl

im
at

e 
A

pp
l.

W
at

er
 R

es
ou

rc
es

A
gr

ic
ul

tu
re

Su
st

ai
na

bl
e 

D
ev

D
isa

st
er

s
En

er
gy

Ca
pa

ci
ty

 B
ui

ld
in

g
O

th
er
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R E A L  T I M E  S C I E N C E
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SYNTHESISF O R E C A S T S  A R E  
Q U A N T I TAT I V E ,  
S P E C I F I C ,  &  FA L S I F I A B L E  

PREDICTION



Forecasts are a priori

and out-of-sample



F O R E C A S T S  S Y N T H E S I Z E

• Previous knowledge: +25% +/- 5% 

• +50% vs +25% indistinguishable under NULL 

• 0% “non-significant”

N  F E R T I L I Z AT I O N



Friedlingstein et al 2014



Improvement	requires	feedback





Dietze et al 2018 PNAS https://doi.org/10.1073/pnas.1710231115





Uncertainty Propagation





Bayes Theorem



B AY E S  
T H E O R E M

• Returns full probability 
distribution (uncertainty) 

• Inherently iterative 

• Handle’s complexity of the 
real world 

• Capture’s prior knowledge



F O R E C A S T  C Y C L E

Forecasts should be updated when new data 
becomes available

Fx

Obs

D ATA

Fx

ForecastM O D E L

Drivers

IC

Param

Analysis



State-Variable Data Assimilation





Characterize

Propagate

Analyze

Reduce



H O W  D O  W E  M E A S U R E  P R E D I C TA B I L I T Y ?



W H AT  C A U S E S  VA R  T O  
I N C R E A S E  W I T H  T I M E ?

Dietze 2017 Ecological Applications 



W E AT H E R  F O R E C A S T I N G :  
A N  I N I T I A L  C O N D I T I O N S  P R O B L E M

Slingo & Palmer. 2011. Phil. Trans. R. Soc. A



W E AT H E R  F O R E C A S T I N G :  
A N  I N I T I A L  C O N D I T I O N S  P R O B L E M

State Space Kalman Filter



D I S C O V E R  W H E T H E R  
N AT U R E  I S  P R E D I C TA B L E



E C O L O G I C A L  F O R E C A S T I N G

• Is more than forward simulation  

• Requires a fusion of models and data 

• Must address multiple sources of uncertainty and 
variability 

• Think Probabilistically!! 

• Needs advances in theory and methods


